Abstract. Using spectroscopic data presented in Magrini et al. (2003) , we have analyzed with the photoionization code CLOUDY 94.00 (Ferland et al. 1998 shows that oxygen and helium abundances (with lower accuracy also nitrogen, argon and sulphur) can be actually estimated from the brightest PNe of a galaxy, even if the electron temperature cannot be measured. We also found that the oxygen abundance is quite independent of the absolute magnitude of the PN and consequently the brightest PNe are representative of the whole PN population.
Introduction
Chemical abundances in extragalactic Planetary Nebulae (PNe) have been derived so far only in a small number of galaxies. Inside the Local Group they are: the irregular galaxies LMC, SMC (cf. Leisy et al. 2000; Jacoby & De Marco 2002) , and NGC 6822 (Richer & McCall 1995) , the dwarf spheroidal and spheroidal galaxies Fornax (Maran et al. 1984) , Sagittarius (cf. Walsh et al. 1997) , NGC 185, and NGC 205 (Richer & McCall 1995) , the elliptical galaxy M 32 (Stasinska et al. 1998 ) and finally the two spiral galaxies M 31 and M 33 that have been studied by Jacoby & Ciardullo (1999, hereafter JC99) and Magrini et al. (2003, hereafter M03) , respectively. There is a substantial lack of information about chemical abundances of PNe in dwarf irregular galaxies of the Local Group (e.g. Sextans B. Sextans A, Leo A, IC 10), where no PN has been investigated so far. Outside the LG, only PNe in the giant elliptical galaxy NGC 5128 (Centaurus A) at the distance of 3.5 Mpc were analyzed by Walsh et al. (1999) .
In most of the previous cases, with the exception of NGC 5128, the abundances have been obtained by direct determination of the T e , derived from the [O iii] λλ 4363/5007 A or, in the worst cases when the λ 4363Å is not measured, using its upper limit, thus obtaining lower limits for the [O iii] ionic abundance and then for the total O abundance, which was calculated from the ICFs (Ionization Correction Factors) procedure (cf. e.g. Kingsburgh & Barlow 1994, hereafter KB94) .
In M 31, in addition to the ICFs method, JC99 have modeled the observed PNe using the photoionization code CLOUDY 90 (Ferland et al. 1998 ) with simplified assumptions: blackbody central stars and spherical nebulae with constant density. They have derived abundances and central star parameters for 15 PNe of M 31. In eight cases they could compare the results from the nebular models built with CLOUDY with abundances based on the ICFs method. They found good agreement between abundances derived with these two different methods. From this comparison, CLOUDY resulted to be a useful tool to measure chemical abundances, particularly when direct electron temperature measurements are not available.
M03 studied 48 emission line objects in M 33 spectroscopically, and recognized, via diagnostic diagrams, 26 of them to be bona fide PNe. They presented the observed fluxes for 42 of the 48 objects, deriving chemical abundances with the ICFs method for the three brightest PNe.
In the present paper, we re-analyze with CLOUDY 94.00 (Ferland et al. 1998) 11 of the 26 PNe presented by M03 using the available spectroscopic data. The three PNe already studied with ICFs by M03 are also included, in an effort to clarify their observed low N/O.
In Section 2 we summarize the observations and data reduction. In Section 3 the derivation of nebular and stellar properties is illustrated. In Section 4 we discuss the derived quantities and correlations among them. Summary and Conclusions are in Section 5.
Observations and data reduction
The observations were taken at the 4.2 WHT telescope (La Palma, Spain) in October,
2001 with AF2/WYFFOS, with a setting producing a dispersion of 3.0Å per pixel in the spectral range 4300Å to 7380Å. A detailed description of spectroscopic data and of the reduction procedure are in M03. 
The modelling procedure
Using a photoionization model such as CLOUDY, it is possible to overcome the lack of direct information on the electron temperature in a PN, due to the faintness of the relevant forbidden lines: the [O iii] λ4363 and the [N ii] λ5755 emission lines, which are hard to detect in extragalactic PNe. On the other hand, the use of CLOUDY requires as input the energy distribution of the ionizing radiation of the central star, its luminosity and the nebular geometry. The distance to the object must then be known. In our case the distance is available adopting for all PNe in M 33 the distance of the galaxy, equal to 840±90 kpc (Magrini et al. 2000, hereafter M00) . As with the energy distribution of central stars, the usual simplification is to assume them to behave as blackbodies (BB), while for a better accuracy stellar atmosphere models are needed (cf. Morisset 2004) . In this respect, an illustrative test was carried out by Howard et al. (1997 The aim of our procedure is to match the intensity of the observed emission lines with that predicted by CLOUDY. The spirit of our procedure is similar to the one adopted by JC99 to determine the chemical abundances of PNe in M 31. In the following we briefly describe how our analysis works.
CLOUDY needs the following input parameters: the central star energy distribution and luminosity, the nebular geometry, the electron density, and the chemical abundances.
Because of the lack of information in our objects on the morphology and on the density distribution, we set the geometry to be spherical and the density to a constant value, although we will explore the effect of a r −2 density distribution in some PNe. The central star energy distribution was set to that of a BB. Ferland 1998) . The addition of dust in the model does not vary substantially the derived chemical abundances.
Further iterations make the following adjustments. First the BB T ⋆ is altered to match the He i/He ii line ratio. When the He ii λ4686 line was too weak to be measured, we determined its upper limit so as to derive an upper limit to the central star temperature.
These cases correspond to T ⋆ marked with b in In the other cases, models with different nebular radii were built. For these PNe, we found the smallest and the largest radius for which the model converged. Final quantities are the averages of quantities from models spanning over these nebular radius intervals (cases marked with d in Table 1 ).
1 Gurzadyan (1988) indeed distinguishes between low and high excitation objects. We prefer to use the term 'medium' in place of low because when the He ii λ4686 line is measured, the excitation cannot be really regarded as low. We think this specification is more appropriate to
PNe where the line is not detectable. The determination of the nebular radius is instead weaker, because the measurement of 1983 ). When the central star temperature is derived from the upper limit of the He ii λ4686 line, only upper limit to the helium and other metal abundances can be derived.
The derived central star temperatures and nebular quantities are shown in Table 1 .
We recall that the T ⋆ derived from the upper limit of the He ii λ4686 are marked with b, whereas the directly measured T ⋆ are marked with a. Derived nebular radii are marked with c, and upper limit nebular radii with d.
In Table 2 
Tests of the procedure
We have tested the accuracy of the method by applying it to seven bright Galactic 
Chemical Abundances
We have applied the procedure above described to 11 PNe of M 33. In four cases we could determine the temperature of the central star within 5,000 K using He i and He ii lines. In the remaining cases we estimated an upper limit to the central star temperature PNe whose T ⋆ could be measured, see considering the same distance. The Pearson correlation coefficient for our relationship is 0.6. ON the other hand our result is quite dependent on a single PN (n. 8). Therefore the study of more PNe at high galactocentric distances is needed to clarify this aspect.
Relationship among chemical abundances
In Fig. 5a we (4) Dufour (1984) (5) Leisy & Dennefeld (2004) (6) Dennefeld (1989) and disc Table 1 . The solid line is the galactocentric gradient found from H ii regions by Vílchez et al. (1988) in the same galaxy.
in the Galactic bulge (Stasinska et al. 1998) In the cases where this transition to high N/O ratios for low oxygen abundances is well visible, it occurs at different O/H for different galaxies, and roughly at the average overall metallicity computed from other classes of objects like HII regions. This suggests that the explanation offered by Costa et al. 2000, i. e. the dredge-up increasing N/O in the AGB envelope is more efficient at low metallicities, might be not the main one, as the transition to high N/O ratios would then occur always at the same metallicity. Together with the fact that in the Galaxy the effect is better visible for high mass progenitors like bipolar PNe (Perinotto & Corradi 1998) , the data would instead point to a high efficiency of the ON cycle in the most massive PN progenitors (Henry 1990) , that would lower the O/H abundances while increasing N/O.
In Figs. 5c and 5d the relationship between N/O and N/H are presented. In Fig. 5c the dashed line represents the correlation found by Henry (1990) for the Galactic PNe.
Our data, shown in Fig . A similar trend is common to PNe of these three galaxies.
We come now to the number of Type I PNe in our sample. The Type I PNe, according to the definition of Peimbert & Torres-Peimbert (1983) which a PN is a Type I, meaning that it has experienced hot bottom burning conversion of C to N, should be the C+N/O ratio from the H ii regions. This is difficult to estimate since values for C are hard to obtain. Thus, since the metallicity of M 33 is not so different to that of our Galaxy, we still apply the Galactic criterion to discriminate Type I PNe.
From Fig. 5a , we note a lack in M33 of type I PNe, using the Peimbert & Torres-Peimbert (1983) criterion. Moreover, we find no Type I PNe with the definition by KB94.
The average log(N/O) of M 33 PNe is -0.89, see Fig. 5a . This value is lower than the Galactic non-Type I PNe (KB94) value (-0.55) and it is close to the non-Type I PNe value (-0.90; Leisy & Dennefeld 2004) of the LMC, which is a galaxy of similar metallicity (see van den Bergh 2000), whereas Galactic and LMC Type I PNe have a higher value (+0.07 and +0.02, respectively, see Table 1 ).
The number of Type I PNe might be connected to the metallicity of the host galaxy.
In a deep survey for PNe of the SMC by Jacoby & De Marco (2002) PNLF is fainter ∼1.5 mag for LMC and ∼2 mag for the Galaxy than that of elliptical PNe). We remind the reader that the PNe presented in this paper have been discovered with a survey complete up to ∼2 mag fainter than the bright edge of the luminosity function (Magrini et al. 2000) . If we consider that the results of luminosity functions of PNe with different morphology presented by Magrini et al. 2004, especially 
Oxygen abundance and [O III] luminosity
The determination of chemical abundances in an external galaxy rests on its brightest objects. We have examined the O/H vs [O iii] luminosity in the M 33 sample, in the LMC, and in the Galaxy to test for possible biases in measuring O/H from the brightest PNe (see Fig.6 ). The sample of Milky Way PNe consists of objects in common between PNe whose chemical abundances have been re-determined by P04 and PNe whose distances 
Summary and Conclusions
Using the CLOUDY photoionization code, we have derived nebular parameters and some stellar effective temperatures for 11 PNe belonging to the spiral galaxy M 33, and mea- luminosity is clearly independent of the oxygen abundance. Therefore it is possible to use every PN, and particularly the brightest PNe, in external galaxies as representative of the whole PN population.
